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DEEP BORE DRILLING APPARATUS WITH
ROTATABLE SINGLE TUBE SYSTEM

FIELD OF THE INVENTION

The present invention relates to a gundrill for penetrating
material by means of a cutting tool that turns about an axis

and moves relative 10 a workpiece along that axis during a
cutting operation, and more particularly, to a deep boring or
dnlling machine for forming a deep aperture having an
exceptionally high ratio of depth to diameter, where the
machine includes a spindle unit which is horizontally dis-
placeable on a machine bed and is driven by a spindle drive.

BACKGROUND OF THE INVENTION

In deep hole dnilling, 1t 18 traditional to refer to a high ratio
between the aperture depth and the aperture diameter. Origi-
nally, the term “deep holes” referred to aperture depth of
over five times the diameter. Today, the term “deep hole
drilling” 1s used to describe methods for the machining of
both short and deep holes, while it 1s the only method for
dniling aperture lengths of more than ten times the diameter,
it can also be competitive for short apertures down to two
fimes the diameter because of its high metal removing
capacity and precision. As in all metal machining operations,
it 1s important that the material chips be broken and trans-
ported away without jamming and without effecting the
drilled surface. Three different systems have been developed
that permit trouble free machining of apertures depths of
more than 100 times the diameter.

The first system is referred to as a gundrill system, where
the cutting fluid is supplied through a duct inside the drill
and irrigates the cutting edge, after which the cutting fiuid
removes the chips through a V-shaped chip flute along the
outside of the drill. The cross-section of the tube occupies %4
of 1ts circumierence due to the V-shaped groove or flute, and
sometimes the system is referred to as a 34 drill system.
Gundrill systems can be seen in U.S. Pat. No. 5,181,812,
U.S. Pat. No. 4,726,717 and Great Britain Patent Specifica-
tion 1,435,166.

The second system 1is referred to as a single tube system
which 1s based on external cutting fluid supply and internal
chip support, Cutting fluid is typically supplied through the
space between the drill tube and the drilled aperture. The
cutting fluid i1s removed along with the chips through the
central passage of the drill tube. Chip transport through the
tube occurs at a relatively high velocity. The cross-section of
the shank or tube can be made completely round, which
provides much higher rigidity than in the gundrill system.

The third system 1s referred to as the double wall or
ejector system where the cutting fluid is pumped to the
cutting face through the space between an inner and an outer
tube. This configuration eliminates the need for a high
pressure seal between the workpiece and the drill bushing.
At least a portion of the cutting fluid is delivered to the drill
head, where it 1s forced through a number of apertures to
lubricate and cool cutting edges of the drill head. An

example of an c¢jector system can be seen in U.S. Pat. No.
3,511,120.

Decp hole drilling machines can also be broken down into
two main groups, single cutting edge tools, sometimes
referred to as single lip, end cutting tools, and multiple edge
cutting tools, sometimes referred to as multiple-lip cutting
tools. All gun-type tools are single lip, end cutting tools,
incorporating bearing pads to support and guide the tool.
When a second lip 1s added to a gun-type tool, the guidance
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principle changes, and the tool becomes a multiple-iip high
pressure coolant tool rather than a gun-type tool. For a given
workpiece material, the same factors eflecting chip forma-
tion with gun-type tools (rotational speed, longitudinal feed,
nose or point angle and coolant pressure and flow rate) effect
chip formation with multiple-lip tools. Multiple-lip tool
applications are best suited for brittle materials that produce

powder, grain or sliver chips. These brittle materials may
include cast metals, such as casi magnesium, aluminum,
iron, brass and bronze, as well as non-metals such as carbon,
graphite, certain woods and plastics. Multiple-lip tool appli-
cations are not well suited for ductile materials producing
stringy chips where the chip removal 18 from the rear of the

shank. For these applications, typically gun-type tools have
been recommended.

The types of chips formed in a given workpiece material
by a multi-lip tool can be controiled within a limited range.

Increasing the tool rotational speed makes the chips thinner.
The simplest way to reduce chip size when using multiple-
lip tools is to increase the longitudinal feed rate, making the
chips thicker so that they will break rather than curl. If this
fails to solve the problem, the next typical corrective mea-
sure 1s to change the geometry of the tip. By increasing the
outside angle, the point makes a deeper crease in the chip,

possibly splitting the chip lengthwise. As a last resort, chip
breakers are typically added on multipie-lip tools similar to

those used on gun-type tools. However, chip breakers are
often more difficult to add to multiple-lip tools. The coolants
have the same function 1n chip formation and control when
using multiple-lip tools as the coolants do in gun-like tools.
High quality, light viscosity coolants let the chips slide
freely off the cutting edge, making the chips thinner and
possibly atllowing increased feeds.

A multiple-lip internal chip removal drll is similar in
design to the internal chip removal gundrill, but has a cutting
edge divided into three sections. The three cutting edges are
located on a straight line across the center of the drill. One
cutting edge starts at the periphery of the tip and cuts
through approximately 40% of the radius. Another cutting
edge cuts through the center, and approximately 40% of the
radius on the same side of center as the peripheral cutting
edge. The third cutting edge 1s located in the center of the
radius 180° from the other two edges and partially overlaps
the cutting area of the other two cutting edges. This three-lip
arrangement, with cutting edges on both sides of center,
gives the tool partially balanced cutting forces, and takes
some of the load off of the bearing pads. The bearing pads
are located at about 90° and 180° from the peripheral cutting
edge. The chips exit through two chip mouths, located on
each side of center. The chips are forced into the chip mouths
by high pressure coolant, which may be forced around the
outside of the tool by a fluid transfer unit for a single tube
system oOr forced between the outer tube and the inner tube
tor a double wall or ejector system.

Deep hole drilling machines are often designed with a
rotating workpiece, a rotating tool or both a rotating work-
piece and a rotating tool. When machining asymmetric
workpieces, a rotating drill and a non-rotating workpiece 1s
typically provided, since the workpiece cannot rotate at
sufficient speed. When boring long, slender workpieces, a
non-rotating drill 1s typically fed into a rotating workpiece.
If a high tolerance bore is required, both the drill and the
workpiece may rotate with the drill rotating in an opposite
direction from that of the workpiece.

While double wall or ¢jector drilling and gundrilling have
been adapted for configurations with rotating tooling and

stationary workpieces, a satisfactory configuration of a
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single tube system with rotating tooling and stationary
workpieces has not been achieved. The prior known gun-
drills, where cutting fluid 1s supplied through a passage in
the drill shank to flush chips out away from the drill head
through a V-shaped trough in the dnll shank, can drill a 78
inch deep bore of 0.906 inch diameter in approximately 1 Y2
hours.

SUMMARY OF THE INVENTION

In the present invention, the drilling apparatus provides a
rotating single tube system that can be used in conjunction
with large workpieces which must remain stationary. The
drill shank and drill head are rotated relative to the work-
piece with a single tube system configuration for delivery of
the cutting fluid to the drnll head. The deep boring drill
according to the present invention can drill a 78 inch bore of
0.906 inch diameter in approximately 8 to 10 minutes, rather
than the 1 ¥2 hours or 90 minutes for the gun drill configu-
ration. The drill tube or shank rotates, while the workpiece
remains stationary, and the pressure head has been modified
to allow for this rotation. Cutting fluid 1s introduced along
the external periphery of the drill tube to flush chips away
from the drill head and out through a central passage in the
drill tube.

It is desirable in the present invention to provide a
rotatable single tube system for deep bore drilling of sta-
tionary workpieces, where the cutting fluid 1s introduced
through a passage defined between an external surface of the
tube or shank and the wall of the aperture being bored to
flush chips from the cutting head for exit from the aperture
being bored through the central passage of the tube or shank.
It 1s turther de:snable in the present invention to unexpect-
edly increase the efficiency of deep bore drilling over that
previously possible with a gun drill system.

Other objects, advantages and applications of the present
invention will become apparent to those skilled 1n the art
when the following description of the best mode contem-
plated for practicing the invention is read in conjunction
with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The description herein makes reference to the accompa-
nying drawings wherein like reference numerals refer to like
parts throughout the several views, and wherein:

FIG. 1 is a simplified schematic view of a deep bore
drilling machine having a rotatable single tube system,

FIG. 2A and 2B are detailed cross-sectional views of a
pressure head having fluid circulation passages according to
the present invention;

FIG. 3 is a detailed cross-sectional view of a cutting head
in a bore according to the present invention; and

FIG. 4 is a graph depicting the feed rate 1in inches/per
minute versus the drill diameter in inches at various revo-
lutions per minute according to the present invention in
comparison with the prior known gun driils, where cutting
fluid is supplied through a passage in the drill shank to tlush
chips away from the drill head through a V-shaped trough in
the drill shank.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

A deep bore drilling apparatus 10 1s illustrated schemati-
cally in FIG. 1. The deep bore drilling apparatus 10 is used
for penetrating material, such as a workpiece 12. Elongated,
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rotary tool means 14 is provided for boring an aperturec 16
in the workpiece 12 by turning about a longitudinal axis,
sometimes referred to as the Z-axis, and moving atong the
Z-axis relative to the workpiece 12 during a cutting opera-
tion. The tool means 14 includes a cutting head 18 mounted
on an end 20 of an elongated hollow shaft 22. Fluid
circulation means 24 brings a flowable substance tempo-
rarily into engagement with the workpiece 12 during the
cutting operation. The circulation means 24 forces the
substance, such as cutting fluid or oil, to flow in a passage
26 defined by an external surface 28 of the shaft 22 and the
workpiece 12 toward the cutting head 18 along an entire
longitudinal length of the aperture 16 being bored. The

substance exits from the aperture 16 through the central
passage 30 defined in the hollow shaft 22 after flushing cut
material or chips from the cutting head 18.

The workpiece 12 is held in a stationary position on a
table 32 capable of moving along an axis, sometimes
referred to as the X-axis disposed perpendicular to the plane
of FIG. 1. If required by the size of the workpiece 12, a table
extension (not shown) may be provided for sufficient sup-
port to prevent movement of the clamped workpiece 1n
response to the increased force applied to the workpiece 12
by the nosepiece 56 and increased feed rate along the Z-axis.
Connected to the table 32 is a column 34 supporting a base
36. If desired, the column 34 may be of the appropriate
configuration to allow vertical adjustment of the rotary tool
means 14 along an axis sometimes referred to as the Y-axis,
with respect to the workpiece 12 using structural configu-
rations that are known in the art. The base 36 may also be
movable along an axis, sometimes referred to as the W-axis,
toward the workpiece 12 sufficiently to allow sealing
engagement between the workpiece 12 and nosepiece 56.
The base 36 should preferably be capable of at least 12
inches of movement toward the workpiece 12 with respect
to the column 34. In addition, or in the alternative, base 36
may be configured to allow horizontal movement parallel to
the upwardly extending sidewall 38 of the workpiece 12
using structure that is known to those skilled in the art. Of
course, if the base 36 and/or column 34 supporting the
elongated, rotary tool means 14 is designed to be stationary,
the table 32 may be provided with the appropriate adjust-
ments for vertical and horizontal placement of the workpiece
with respect to the shaft 22, so that the shaft 22 and the
aperture 16 to be bored can be placed in a coaxial relation-
ship with one another.

The elongated, roiary tool means 14 includes a linear
drive means 40 for moving the elongated, hollow shaft 22 in
reciprocal movement along its longitudinal Z-axis toward
and away from the workpiece to accomplish drilling of the
aperture 16 and removal of the cutiing head 18 from the
drilled aperture 16 when the cutting operation is completed.
Rotary drive means 42 is. also provided as part of the
elongated, rotary tool means 14, for rotating the elongated,
hollow shaft 22 about its longitudinal axis.

A reservoir 44 is provided for storing a predetermined
quantity of flowable substance, such as cutting oil or the like.
The reservoir 44 forms part of the fiuid circulation means 24.
The fluid circulation means 24 also includes pump means 46
for drawing fluid from the reservoir 44 for pressurized
discharge through the passage 26 defined by the external
surface 28 of the shaft 22 and the aperture 16 to fiush cut
material or chips from the areca of the cutting head 18
through the central passage 30 in the hollow shaft 22 for
subsequent discharge into a return reservoir 48. The return
reservolr 48 1s for holding a predetermined amount of used
flowable substance, such as cutting o1l or fluid including cut
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material or chips. The return reservoir 48 may include
appropriate filtering means 50 for separating the cul material
or chips {rom the fluid, so that clean fluid may be returned
10 the reservoir 44 for reuse. In the preferred embodiment,
cooling means 51 1s provided for cooling the flowable
substance as required due to the increased heat generated

with the faster feed rate of the drill.

Control means 52 is provided for controlling the rate of
rotation of the rotary drive means 42, for controiling the rate
of linear advancement of the cufting head 18 toward the
workpiece 12 by linear drive means 40, for controlling the
relative positioning of the cutting head 18 with respect to the
sidewall 38 of the workpiece 12, and/or the rate of fiuid flow
and pressure of the fluid circulation means 24. The control
means 52 may inciude electronic controls providing numeri-
cally adjustable settings to the degree of accuracy required
as 1s conventional in the art. The control means 52 may also
include software controls allowing user set parameters as
desired. In addition, it has been found desirable to provide
a dwell in the dnlling operation so that the dnll head is
backed away from the workpiece being dnlled prior to
terminating the rotation of the drill head. It such a dwell is
not provided, it has been found to result in a high incidence
of cutting tool breakage when the drill head 1s stopped inside
the workpiece abutting against the workpiece being drilled.

The present invention provides a modified pressure head
54 and noscpicce 56 as best seen in FIGS. 2A and 2B. The

pressure head 54 includes a stationary housing 88 supported
from the base 36 and is held stationary with respect to the
bas¢ 36. The housing 58 1s elongated in the longitudinal
direction and sheaths a portion of the longitudinal length of
- the shaft 22 adjacent the workpiece 12. A flowable substance
port 60 is provided in the housing S8 approximately midway
along its longitudinal length allowing fluid communication
of the flowable substance, such as cutting fluid, oil or the
iike, with an external surface 28 of the shaft 22. A second

port 62 opposite from port 60, is not used and may be
blocked ofl by a suitable plug 64.

As depicted in FIG. 2A, the left-hand side of the housing
58 1s positioned closest to the linear drive means 40 and
rotary drive means 42. This portion of the housing 58
includes seal means 66 engagable with the external surface
28 of the shaft 22 as it rotates and reciprocates with respect
to 1ts longitudinal axis to prevent substantial flowable sub-
stance leakage through this end of the housing 58. The seal
means 66 preferably includes a packing seal or gland 68
defined by a seal housing 70 fixably engaged in the longi-
tudinal end of the housing 58, such as by a threaded fitting
connection. Disposed within the seal housing 70 are first and
sccond rigid seal members, 72 and 74 respectively, spaced
longitudinally from one another to define a seal receiving
chamber 76 thercbetween. The first and second rigid seal
members 72 and 74 are spaced longitudinally from one
another sufficiently to allow compressive movement toward
one another to reduce the size of the seal receiving chamber
76. Multiple scals 78 and at least onc spacer 80 may be
disposed within the seal receiving chamber 76. A threaded
bolt 82 is engaged in the longitudinal end of the seal housing
70 to compressively urge the first and second rigid seal
members 72 and 74 toward one another, thereby reducing
the size of the seal receiving chamber 76 and forcing the
scals 78 toward the external surface 28 of the shaft 22.

On the opposite longitudinal end of the housing 58, as
shown 1n FIG. 2B, the nosepiece 56 faces thc upwardly
extending surface 38 of the workpiece 12. The nosepiece 56
includes a longitudinally reciprocal piston 84 disposed
within an enlarged aperturc 86 formed in the longitudinal

10

15

20

25

30

35

40

435

50

35

60

65

6

end of the housing 38. The enlarged aperture 86 preferably
is largest with respect to its transverse dimension adjacent
the longitudinal end of the housing 58 defined by first
surface 88. The enlarged aperture 86 preferably is a stepped
aperture having transversely reduced dimensions progres-
sively inward along the longitudinat length of the housing 58
from the longitudinal end as defined by second surface 90
and third surface 92. A seal member 94 engages between the
second surface 90 and the piston 84 and preferably seats

against an annular shoulder formed between the second
surface 90 and third surface 92.

An end cap 96 is releasably connected to the outer
longitudinal end of the housing S8 forming an enclosed
reciprocal chamber for the pision 84. The end cap 96
includes an aperture 98 therethrough for allowing passage of

a protruding portion 100 of piston 84. Seal means 102 is
disposed between the end cap 96 and the protruding portion

100 of the piston 84 for preventing substantial leakage of
actuator fluid from a first chamber 104 disposed beiween the
end cap 96 and a piston seal 106 engaging with the first
surface 88. A second chamber 108 is defined between the
secal member 94 and the piston seal 106 engaging with the
first surface 88. A first port 110 extends through the housing
58 in fluid communication with the first chamber 104 and a
second port 112 extends through the housing 58 in fluid
communication with the second chamber 108. The first and
second ports, 110 and 112 respectively, allow controlled
expansion and contraction of the first and second chambers,
104 and 108 respectively, thereby controlling longitudinal

extension and retraction of the nosepiece 56 toward and
away from the workpiece 12.

A first stop surface 116 is formed on the piston 84 to
engage with the member supporting the seal member 94

when the nosepiece 56 1s in the fully retracted position
within the housing 38. A second stop surface 114 is formed
on the piston 84 for engagement with the end cap 96 when
the nosepiece 56 is in the fully extended position. A seal
supporting member 118 1s fixedly connected to the outer end
of the piston 84. A workpiece engaging seal 120 is disposed
on the outer face 122 of the seal supporting member 118
circumscribing the shaft 22 such that as the piston 84 is
moved from the fully retracted position toward the extended
position, the seal 120 engages with the upwardly extending
surface 38 of workpiece 12 in a sealed fashion.

An externally adjustable stop means 124 may be provided
connected to the piston 84 for setting a predetermined
amount of longitudinal extension of the nosepiece 56
beyond the longitudinal end of the housing 58. The stop
means 124 may include a plate 126 fixedly connected to the
outer longitudinal end of the piston 84. A longitudinally
extending stop bar or pin 128 may be connected to the
radially extending plate 126, such that the stop bar or pin 128
extends longitudinally in a direction away from the work-
piece 12 external of the housing 58. The housing 58 may
also include a guide aperture 130 for slidably receiving the
stop bar or pin 128. An adjustable stop 132 may be releas-
ably attached to the stop bar or pin 128 for movement 1o a
desired longitudinal position therealong. The stop 132 may
be releasably affixed at a desired position on the pin 128 to
prevent further longitudinal extension of the nosepiece 56
when the stop 132 engages against a surface 134 on the
housing 58 adjacent the guide aperture 130.

In operation, pressurized actuator fluid is delivered to the
second chamber causing the piston 84 to extend longitudi-
nally until sealing engagement of the workpiece engaging
seal 120 with the upwardly extending surface 38 of the
workpiece 12. Pump means 46 then draws the flowable
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substance from reservoir 44 for delivery through port 60 in
the stationary housing 38 of the pressure head 34. The
flowable substance then passes through the central passage
of the housing 38 1n fluid contact with the external surface
28 of the shaft 22 until it reaches the cutting head and
workpiece interface after having passed through the sealed
nosepiece-workpiece interface. As best seen in FIG. 3, the
flowable substance flows in the passage 26 defined between
the external surface 28 of the shaft 22 and the aperture 16
being formed in the workpiece 12 until it reaches the cutting
head 18. After reaching the cutting head 18, the flowable
substance flushes cut material or chips 136 away from the
cutting head 18 through the central longitudinally extending
passage 30 in the hollow shaft 22. The fiowable substance
carrying the chips 136 pass out of the workpiece 12 within
the passage 30 of the shaft 22 and flow through the nose-
piece 56 and pressure head 54 while still contained within
the passage 30. After passing through the rotary drive means
42, the flowable substance carrying the chips 136 is trans-
ferred to a flexible conduit 138 best seen in FIG. 1. The
flexible conduit 138 may include a telescopic conduit sec-
tion 140 to deliver the flowable substance and chips 136 to
the return reservoir 48. The telescopic conduit section 140
permits increased linear movement for the deep bore drilling
apparatus, while preventing problems associated with excess
flexible conduit between the shaft 22 and the return reservoir
48 as the boring operation progresses. It is desirable that the
machine operator 1s able to visually perceive the condition

of the chips during the dnlling operation, so that if the chips

appear long and stringy the operator can decrease the feed
rate of the drill head. Therefore, a clear telescopic conduit
section 1s desirable or the outlet to the reservoir may be
positioned adjacent the operator controls.

FIG. 4 is a graphic illustration of the increased feed rate
in inches/minute achievable with the present invention com-
pared to the known gun drills at given drilling diameters and
speeds. As can be seen, with a 0.906 inch diameter drill
rotating at 935 revolutions/minute, the gun drill was capable
of a feed rate between 1.000 and 1.025 inches/minute, while
the present invention was capable of achieving a feed rate of
approximately 6.500 inches/minute. With a 1.156 inch diam-
eter drill rotating at 625 revolutions/minute, the known gun
drill was capable of achieving a feed rate of between 0.500
and 0.750 inches/minute, while the present invention was
capable of achieving a feed rate of between 4.250 and 4.500
inches/minute. With a 1.500 inch diameter drill rotating at
426 revolutions/minute, the known gun drill was capable of
achieving a feed rate of approximately 0.250 inches/minute,
while the present invention was capable of achieving a feed
rate of between 2.750 and 3.000 inches/minute. The material
drilled for each of these tests was the same, and more
particularly was designated as AISI-P20 pretempered, pre-
hardened steel having a 28-32 Rockwell Hardness. The
coolants used for each test were the same, however, the flow
rate of the coolant for the present invention was increased
due to the increased size of the apertures as a result of the
reconfiguration that reduced the effective back pressure.
Therefore, in order to maintain the minimum desired pres-
sure of 300 lbs/in®, the lubricating/cooling oil system was
enlarged. In addition, chip removal and an oil cooler system
was added to address the extra heat generated due to the
increased feed rate of the present invention. The longitudi-
nally extending opening through the spindle shaft was
enlarged to accommodate the increase in 01l flow and chip
removal. A hydraulic system was also added to operate the
cylinder and the pressure head for scaling engagement
against the surface of the workpiece to be drilled.
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In order to increase the chip load capable of being handled
by the cutting head and to thereby allow further increases in
the feed rate of the shaft into the workpiece, it is anticipated
that an increase in the power of the rotational motor, for
cxample from 10 horsepower to 20 horsepower, should

result in a drilling operation at least 8 times faster than
previously provided by the known gun drill configuration.
The table size for securely clamping the workpiece was also
doubled in order to compensate for the increased axial force
along the W-axis created by the pressure head and the
increased longitudinal feed rate along the Z-axis. A gear
reduction was installed on the W-axis motor to compensate
for the increased force being transmitted.

While the invention has been described in connection
with what is presently considered to be the most practical
and preferred embodiment, it 1s to be understood that the
invention is not to be limited to the disclosed embodiments
but, on the contrary, is intended to cover various modifica-
tions and equivalent arrangements included within the spirit
and scope of the appended claims, which scope is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures as is permitted
under the law.

What 1s claimed 1s: |

1. A horizontal gun drilling apparatus for penetrating
material comprising:

elongated rotary tool means for boring an aperture in a

workpiece by turning about a longitudinal axis and
moving along said axis relative to said workpiece
during a cutting operation, said tool means including a
cutting head mounted on an end of an elongated,
hollow shait, said shaft having a constant diameter less
than said cutting head along an entire longitudinal
length of said elongated shaft; and

fluid circulation means for bringing a flowable substance
temporarily into engagement with said workpiece dur-
ing said cutting operation, said circulation means forc-
ing said substance to flow in a passage defined by an
external surface of said shaft and said workpiece
toward said cutting head along an entire longitudinal
length of said aperture being bored, said substance
exiting said aperture through said hollow shaft after
flushing cut material from said cutting head, said fiuid
circulation means including a sheath for receiving a
portion of said constant diameter shaft therethrough
while allowing rotation and axial shifting of said shaft,
whereln a longitudinally extending portion of said shaft
intermediate opposite ends of said shaft i1s sheathed
therein by said fluid circulation means while said shaft
is rotating and axially shifting during drilling opera-
tions, such that said constant diameter shaft extends
beyond said sheathed portion in both longitudinally
extending directions.

2. The drilling apparatus of claim 1 further comprising:

said tool means for forming a deep aperture having an
exceptionally high ratio of depth to diameter.
3. The drilling apparatus of claim 1 further comprising:

frame means for supporting said workpiece in a stationary
position relative to said tool means.
4. The drilling apparatus of claim 1 further comprising:

drive means for rotating said tool means relative to said
workpiece and for moving said tool means along said
axis toward said workpiece during said cutting opera-
tion.
5. The drilling apparatus of claim 1 wherein said elon-
gated, hollow shaft further comprises:
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a single wall shank for supporting said cutting head, said
single wall shank capable of rotation about said axis
and reciprocation along said axis.

6. The drilling apparatus of claim 1 wherein said circu-

lation means further comprises:

a telescopic fluid return means for receiving said flowable
substance from said hollow shait and for delivering
said substance to a reservoir during said cutting opera-
{ion.

7. The drilling apparatus of claim 1 wherein said circu-

lation means further comprises:

a reservoir for holding a predetermined amount of tlow-
able substance;

pump means for drawing flowable substance from said
reservolr for delivery to said passage under pressure;
and

return means for delivering flowable substance from said
hollow shaft to a used fluid reservorr.
8. The drilling apparatus of claim 1 wherein said circu-
lation means further comprises:

pressurc head means for supporting said rotary tool means
adjacent to said workpiece, said pressure head means
sheathing a portion of said shaft and having an inlet
port for said flowable substance in fluid communication
with said external surface of said shaft; and

longitudinally reciprocal nosepiece means extending out-
wardly from said pressure head toward said workpiece
for scaling engagement therewith, such that said fiow-
able substance is 1n fluid communcation with said
aperture being drilled during said cutting operation.
9. The drilling apparatus of claim 1 wherein said circu-
lation means further comprises:

piston means for driving a seal into sealing engagement
with said workpiece circumscribing said aperture to be
drilled, said piston means reciprocally driven along
said longitudinal axis of said shaft and having a central
passage therethrough for said shaft with sufficient
clearance to allow passage of said flowable substance
along said external surface of said shaft into said
aperture to be drilled.

10. A horizontal gun drilling apparatus for penetrating

material comprising:

clongated rotary tool means for boring an aperture in a
workpiece by turning about a longitudinal axis and
moving along said axis relative to said workpiece
during a cutting operation, said tool means for forming
a deep aperture having a ratio of depth to diameter
greater than or equal to two, said tool means including
a cutting head mounted on an end of an eclongated,
hollow, single wall shaft, said shait having a constant
diameter less than said cuiting head along an entire
longitudinal iength of said elongated shaft;

frame means for supporting said workpiece in a prede-
termined position relative to said tool means;

drive means for rotating said tool means relative to said
workpiece and for moving said tool means along said
axis toward said workpiece during said cutting opera-
tion; and

fluid circulation means for bringing a flowable substance
temporarily into engagement with said workpiece dur-
ing said cutting operation, said circulation means forc-
ing said substance to flow in a passage defined by an
external surface of said shaft and said workpiece
toward said cutting head along an entire longitudinal
length of said aperturc being bored, said substance
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exiting said aperture through said hollow shaft after
flushing cut material from said cutting head.
11. The drilling apparatus of claim 10 wherein said
circulation means further comprises:

a reservoir for holding a predetermined amount of flow-
able substance;

pump means for drawing flowable substance from said
reservoir for delivery to said passage under pressure;
and

return means for delivering flowable substance from said
hollow shaft to a used fluid reservoir.
12. The drilling apparatus of claim 10 wherein said
circulation means further comprises:

pressure head means for supporting said rotary tool means
adjacent to said workpiece, said pressure head means
sheathing a portion of said shaft and having an inlet
port for said flowable substance 1n fluid communication
with said external surface of said shaft; and

longitudinally reciprocal nosepiece means extending out-
wardly from said pressure head toward said workpiece
for sealing engagement therewith, such that said flow-
able substance is in fluid communication with said
aperture being drilled during said cutiing operation.
13. The drilling apparatus of claam 10 wherein said
circulation means further comprises:

piston means for driving a seal into sealing engagement
with said workpiece circumscribing said aperture to be
drilled, said piston means reciprocally driven along
said longitudinal axis of said shaft and having a central
passage therethrough for said shaft with sufficient
clearance to allow passage of said flowable substance
along said external surface of said shaft into said
aperture to be drilled.

14. The drilling apparatus of claim 10 wherein said

circulation means further comprises:

an elongated pressure head sheathing a portion of said
shait adjacent said workpiece, said pressure head hav-
ing a first end and a second end, an inlet port on said
pressure head disposed between said first and second
ends in fluid communication with said external surface
of said shaft for introduction of said flowable sub-
stance;

seal means connected to said first end of said pressure
head for sealing engagement with said shaft during said
cutting operation;

piston means slidably recetved in said second end of said
pressure head for driving longitudinally along said axis
of said shaft, said piston means having a passage
therethrough for said shaft with sufficient clearance to
allow passage of said flowable substance along said

external surface of said shaft into said aperture to be
drilled; and |

nosepiece means extending outwardly from said piston
1cans toward said workpiece for sealing engagement
with said workpiece, such that said flowable substance
1s in fluild communication with said aperture being
drilled during said cutting operation.
15. A drilling apparatus for penetrating material compris-
ing:
elongated rotary tool means for boring an aperture in a
workpiece by turning about a longitudinal axis and
moving along said axis relative to said workpiece
during a cutting operation, said tool means for forming
a deep aperture having a ratio of depth to diameter
greater than or equal to two, said tool means including
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a cutting hcad mounted on an end of an elongated,
hollow, single wall shaft;

frame means for supporting said workpiece in a prede-

termined position relative to said tool means;

along said external surface of said shaft into said
aperture to be drilied, and nosepiece means extending
outwardly from said piston means toward said work-
piece for sealing engagement with said workpiece, such
that said flowable substance 1s in fluid communication

12

length of said aperture being bored, said substance
exiting said aperture through said hollow shaft after
flushing cut material from said cutting head, said cir-
culation means including:

a reservoir for holding a predetermined amount of

drive means for rotating said tool means relative to said 3 flowable substance:
workpiece and for moving said tool means along said y .
axis toward said workpiece during said cutting opera- putnp Imeas for d1:aw1ng ﬂm_vable substance from said
tion: ' reservolr for delivery to said passage under pressure;

fluid circulation means for bringing a flowable substance return 11111612;113 foﬁ ?ehvermg’ dﬂf(;m{able subs‘gzi.nce trom
temporarily into engagement with said workpiece dur- g said hollow shait to a use uu_i TESCIVOLL, .
ing said cutting operation, said circulation means forc- an elongate:d pIESSUIE head sh‘eathmg.a portion of saig
ing said substance to flow in a passage defined by an shaft adjacent said workpiece, said pressure head
external surface of said shaft and said workpiece having a first end and a second end, an inlet port on.
toward said cutting head along an entire longitudinal said pressure head disposed between said first and
length of said aperture being bored, said substance second ends in fluid communication with said exter-
exiting said aperture through said hollow shaft after !5 nal surface of said shaft for introduction of said
flushing cut material from said cutting head, wherein tflowable substance; _ _
said circulation means further includes an elongated seal means connected to said first end of said pressure
pressure head sheathing a portion of said shaft adjacent he_ad for_seahng engagement with said shaft during
said workpiece, said pressure head having a first end ~said cutting operation;
and a second end, an inlet port on said pressure head 20 piston means slidably received in said second end of
disposed between said first and second ends in fluid sald pressure head for driving longitudinally along
communication with said external surface of said shaft sald axis of said shaft, said piston means having a
for introduction of said flowable substance, seal means passage therethrough for said shaft with sufficient
connected to said first end of said pressurc head for clearance (o 31_10“’ passage of said ﬂqwable S_Ub'
sealing engagement with said shaft during said cutting < stance along said extefmal surtace of said shait into
operation, piston means slidably received 1n said sec- 531@ aperture to be dl'_llled; -
ond end of said pressure head for driving longitudinally NOSEPICCE IHEdns ext;endmg outwardly from said piston
along said axis of said shaft, said piston means having means toward said workpiece ior sealing engage-
a passage therethrough for said shaft with sufficient ment with said workpiece, such that said flowable
clearance to allow passage of said flowable substance 20 substance is in fluid communication with said aper-

ture being driled during said cutiing operation; and

externally adjustable stop means, connected to said
nosepiece means, for setting an outer limit of recip-
rocal movement toward said workpiece.

18. In a horizontal gun drilling apparatus for penetrating
material, the drilling apparatus including elongated rotary
tool means for boring an aperture in a workpiece by turning
about a longitudinal axis and moving along said axis relative
to said workpiece during a cutting operation, the improve-
ment comprising:

said tool means further including a cutting head mounted

on an end of an elongated hollow shaft, said shaft
having a constant diameter less than said cutting head

along an entire longitudinai length of said elongated
shaft; and

fluid circulation means for engaging a flowable substance
, with said workpiece during said cutting operation, said
Ing. circulation means forcing said substance to flow in a
elongated rotary tool means for boring an aperture in a passage defined by an external surface of said shaft and
workpiece by turning about a longitudinal axis and said workpiece toward said cutting head along an entire
moving along said axis relative to said workpiece °Y longitudinal length of said aperture being bored, said
during a cutting operation, said tool means for forming substance exiting said aperture through said hollow

a deep aperture having a ratio of depth to diameter shaft after flushing cut material from said cutting head.
greater than or equal to five, said tool means including 19. The drilling apparatus of claim 18 further comprising:

a cutting head mounted on an end of an elongated, control means for controlling a rate of rotation of said
hollow, single wall shait; )J hollow shaft, for controlling a rate of linear advance-
frame means for supporting said workpiece in a prede- ment of said cutting head with respect to said work-
termined position relative to said tool means; piece, for controlling a relative position of said cutting

drive means for rotating said tool means relative to said head in a generally vertically extending plane with
workpiece and for moving said tool means along said respect to said workpiece, and for controlling a rate and

axis toward said workpiece during said cutting opera- 60 pressure of flowable substance through said fluid cir-
tion; and culation means.

fluid circulation means for bringing a flowable substance 20. The drilling apparatus of claim 18 further comprising:

temporarily into engagement with said workpiece dur- control means for backing said cutting head away from
ing said cutting operation, said circulation means forc- said workpiece prior to terminating rotation of said
ing said substance to flow in a passage defined by an 65 hollow shalft.

external surface of said shaft and said workpiece

toward said cutting head along an entire longitudinal ¥k ok k%

with said aperture being drilled during said cutting 33
operation; and

externally adjustable stop means, connected to said nose-
piece means, for setting an outer limit of reciprocal
movement toward said workpiece.
16. The dnlling apparatus of claim 10 wherein said 40
circulation means further comprises:

a telescopic fluid return means for receiving said flowable
substance from said hollow shaft and for delivering
said substance to a reservoir during said cutting opera-
tion. 45

17. A drilling apparatus for penetrating material compris-
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